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Abstract 
Trigos-Arrieta, F.J., Continuity, boundedness, connectedness and the Lindelof property for 
topological groups, Journal of Pure and Applied Algebra 70 (1991) 199-210. 
If X is a space and B L X, we say that B is functionally bounded in X if every continuous real- 
valued function on X is bounded on B. For a locally compact Abelian group G with character 
group G, we denote by G+ the underlying group G equipped with the weakest topology which 
makes every x E G continuous. For G as above we prove the following: (a) If Fs G then F is 
Lindelof (functionally bounded) in G if and only if F is Lindelof (functionally bounded) in G+, 
(b) G is connected (zero-dimensional) if and only if G+ is connected (zero-dimensional), and (c) 
If G and H are locally compact Abelian groups and @ : G 4 H is an homomorphism then 
@ : G + H is continuous if and only if $ : G+ --t H + is continuous. We generalize (c) to a result 
involving k-spaces. 
0. Introduction and notation 
0.1. Let G be a locally compact abelian group (GE LCA) and G its character group. 
Denote by G+ the underlying group G with the weakest opology that makes every 
XEG continuous. In [5, 3.4.31, [8], [12], [15, 31 and [19] it is shown that a subset 
of G is compact as a subspace of G if and only if it is compact as a subspace of 
G+. We say then that G respects compactness. Also in [19] it is proved that the 
statement above remains true if we replace ‘compact’ by ‘pseudocompact’. If X is 
a space and F one of its subsets, we say that F is functionally bounded in X if the 
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restriction to F of every continuous real-valued function of X is bounded. One result 
achieved here is the following: the above statement remains true if we replace ‘com- 
pact’ by ‘Lindelof’ or ‘functionally bounded’. Our proof depends heavily on a result 
due to E.K. van Douwen. We also give a necessary and sufficient condition for the 
continuity of an homomorphism between LCA groups in terms of their + -images, 
we see a connection between LCA groups and k-spaces, and we study the relation 
between G and G+ in terms of connectedness and zero-dimensionality: G is con- 
nected (zero-dimensional) if and only if G’ is connected (zero-dimensional). 
0.2. Notation. All groups considered are abelian and all spaces are completely 
regular and Hausdorff. Z, R and U denote the integers, real numbers and the unit 
circle respectively. If A is a set, IAl will denote its cardinality. w represents both 
the first infinite ordinal and the set of finite ordinals. o, is the set of countable 
ordinals. If A is a nonempty subset of a group G, then (A) denotes the subgroup 
of G generated by A. 
Let G be a group. We denote the identity element of G by 1,. If G is a topolo- 
gical group, N,(l,) denotes the base of neighborhoods of lo in G. If G is discrete 
we write G# instead of CC. 
If X is a space, C(X) and C*(X) denote the (rings of) continuous real-valued 
functions and continuous bounded real-valued functions from X into R, respective- 
ly. Suppose now that (F,: cx~ A} is a collection of disjoint sets. We use the nota- 
tion iJacA F, to denote the union of the F,‘s and stress the fact that the Fa’s are 
pairwise disjoint. Finally, if FcX, we denote by Cl,F the closure of F in X. 
1. Continuous homomorphisms 
1.1. Let G be a (T,) LCA group and G its group of continuous characters. We 
define an homomorphism e from G into the product of circles Uo as follows: 
Because G separates points [9, 23.261, e is a one-one, continuous homomorphism. 
We denote by G+ the image of G under e as a subspace of P”. Then G’ is a totally 
bounded, completely regular, topological group. We identify the elements of the 
groups G and G+. 
Our goal in this section is to prove the following statement: 
1.2. Theorem. Let G and H be LCA groups and let qi : G + H be a homomorphism. 
Then 0 : G -+ H is continuous if and only if @ : G’ --t Hi is continuous. 
We start out with three lemmas: 
1.3. Lemma. If G is a LCA group, H is a totally bounded abelian group and 
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I$ : G -+ H is an algebraic homomorphism, then ~+3 : G ---* H is continuous if and only 
if @ : G+ + H is continuous. 
Proof. (a) Let A be the Weil completion of H [2, 1.131, and view Has a subspace 
of TR. If I,U E R then ~0 @ E 6. Hence rye I$ is continuous on G+ for all I,U E R 
Hence $ : G+ -+ H is continuous. 
(t) e : G + G+ is continuous. Therefore 0 = @oe is continuous. 0 
1.4. Lemma. If G and H are LCA groups and @ : G + H is a continuous homomor- 
phism, then q3 :Gt --f H’ is continuous. 
Proof. e: H+ H+ is continuous. Hence @ : G+ H+ is continuous. Now H+ is 
totally bounded, so Lemma 1.3 applies. q 
1.5. Lemma. If G and H are LCA groups and @ : G’ --f H+ is a continuous homo- 
morphism, then the adjoint map 4: f?’ --$ C?’ defined by 
&x)(g) = x(@(g)) 
is a well defined and continuous homomorphism. 
Proof. The Weil completion of G+ is the Bohr compactification bG of G. Since 
@ : G+ + H’ c (H’)- = bH is uniformly continuous, there exists a continuous ex- 
tension @ : bG + bH. 6 is well defined because 6 = 6: (bH)^(=@),) + (bG)^ 
(=(C?)J (the subscript ,, means discrete) [9, 23.17, 24.38 and 26.121. Now we want 
to show that 4: Z?’ --f Cl?+ is continuous. Let g E C? = G. Then go 6(x) = &(x)(g) = 
x(@(g))=@(g)(x) for all XEI?. It follows that go$=@(g)EI?^=H. Hence go6 is 
continuous on H+ for all ge G*. A function 6 into a product UC is continuous 
if and only if each component rcgo q? (= g) is continuous. Therefore our result 
follows. 0 
1.6. Proof of Theorem 1.2. (-) Lemma 1.4. 
(-) Suppose IYEN,( We recall the following fact. If Kc G is compact and 
E > 0, let P(K, E) = { y E & (v/(g) - 11 <E, for all g EK}. The family 
3 = {P(K,&): Kc G compact and E>O} 
forms a neighborhood base for lo in G [9, 23.151. 
Now consider 4 defined as in Lemma 1.5. Let Kc fi and E>O such that 
P(K, E) c U. Now K is compact in i?, hence $[K] is compact in G;’ and therefore 
also in G (see 0.1, [8, 1.21 or [19, 1.41). Let V=P($[K],&). Then V~No(lo) and 
it is not difficult to see that @[VI c U. So @ is continuous. q 
1.7. Remark. Theorem 1.2 strengthens [8, 2.11 which is (=) above. In fact, 
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Glicksberg’s proof is quite different from ours. He starts out with a net converging 
to lo in a compact neighborhood of G and then, using the fact that LCA groups 
respect compactness, he proves that its image under @ converges to lH. 
1.8. Remark. In 1.1 we can start more generally with maximal almost periodic 
abelian groups (MAP). This class contains LCA. For details see [lo, VII]. Then 
Lemmas 1.3 and 1.4, with LCA replaced by MAP, remain valid with the same 
proofs. Now let us look closely at the proofs of Theorem 1.2 and Lemma 1.5. Let 
9 be the class of groups satisfying Pontryagin duality [21, p. 5921 and let ‘% be the 
class of groups that respect compactness, and set 3: = 9 n $R. We have that LCA c 3 
and this contention is proper: B is multiplicative [ 131, the Bohr compactification of 
a product is the product of the Bohr compactifications of the factors [4, 111. Hence, 
as was pointed out to me by Comfort, any infinite product of noncompact LCA 
groups is in 3 and is not in LCA. See [17] for details. Thus, by using the modified 
versions of Lemmas 1.3 and 1.4 above, we achieve a nontrivial generalization of 
Theorem 1.2 (and Lemma 1.5) by replacing LCA by 3. We also note the following 
fact: in [21] the assertion is made that 9~ !I?. In [17] is shown that this is not cor- 
rect; for example, the (additive) topological group of an infinite-dimensional real 
Hilbert space satisfies Pontryagin duality, but does not respect compactness. So we 
might ask if Theorem 1.2 and Lemma 1.5 remain valid when LCA is replaced by 
Yor !I?. 
1.9. Definition. Let G be a totally bounded abelian group. We say that G is a 
Glicksberg group, and we write GE [G], if there exists a LCA group r such that 
G=T+. 
1.10. K.H. Hofmann remarked in conversation with the author that the category 
of k-spaces and continuous functions may be a reasonable and more natural setting 
for the arguments given in connection with Theorem 1.2. A space X is a k-space pro- 
vided that for each A c X, the set A is open in X if the intersection of A with any 
compact subspace Z of the space X is open in Z. If X is any space, there is a unique 
k-space topology for X which is stronger than the original topology of X. The set 
X with this topology is denoted kX. The spaces X and kX have the same compact 
subspaces with the same topology on those subspaces and the identity function from 
kX onto X is continuous. We can see the topology on kX as the weakest one con- 
taining the topology of X. We refer to [6, pp. 201-2041 for definitions and proper- 
ties as well as the construction leading from an arbitrary Hausdorff space to a 
k-space with the same underlying set. 
1.11. In [16] the concept of a k-group is introduced. Note that this concept is dif- 
ferent from the one in [14]: There are k-groups in the sense of [14] which are not 
topological groups. 
By [16, 1.11, for every topological group (G, t) there is a largest group topology 
k,(t) on G coinciding on compact sets with t. In the following we write k,(G) for 
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the topological group (G, k,(t)). Let tk be the topology of kG. Then k,(t) CZ tk. 
Clearly both topologies coincide for locally compact groups. 
1.12. Lemma. Let G be a LCA group. Then k(G+) = G = k,(G+). 
Proof. G and Gf have the same compact sets and G is a k-space. 0 
Our principal interest now is to find conditions to say when a totally bounded 
abelian group is a Glicksberg group. The following fact gives some light to the 
respect: 
1.13. Lemma. GE [G] * k,(G) is a LCA group. 0 
. 
This follows immediately from Lemma 1.12. We do not know if the converse is 
true, i.e., if a totally bounded abelian group G such that kG is a LCA group has 
to be a Glicksberg group. 
1.14. Example. In [14, 2.11 it is proved that if m is an uncountable cardinal and 
G= fRm, then kG is not a topological group. We now show an example of a totally 
bounded abelian group G such that kG is not a topological group either. With m 
as above, G= (IR’)” is totally bounded and it is not hard to see that (R+)m and iRm 
have the same compact subsets. Hence k((lT?+)m) = k(Rm) is not a topological group. 
1.15. The following theorem answers a question suggested to the author by 
F.E.J. Linton. It improves somehow Theorem 1.2 by using Lemma 1.12. 
Theorem. Let G be a LCA group and H a totally bounded abelian group. Let 
4 : G --f H be a homomorphism from the group G into the group H. Then the folIow- 
ing statements are equivalent: 
(a) @ : G’ + H is continuous. 
(b) @ : G + H is continuous. 
(c) I$ : G -+ kH is continuous. 
(d) I#I :G + k,(H) is continuous. 
Note that kH is just the k-space generated by H. 
Proof. (a) * (b). Obvious. 
(b) * (c). By Lemma 1.3 r$ : G+ -+H is continuous. [6, p. 2041 implies that 
4 : k(G+) --t kH is continuous. Now k(G+) = G by Lemma 1.12. 
(c) * (d). Obvious. 
(d) * (a). id : k,(H) + H is continuous. Hence @ : G -+ H is continuous. Now use 
Lemma 1.3. 0 
Of course, if H is a Glicksberg group, Theorem 1.15 reduces to Theorem 1.2. 
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1.16. Using k-spaces we can also extend another result due to Glicksberg: if X is 
a locally compact space, G is a LCA group and f : X-, G+ is a continuous func- 
tion, thenf : X-t G is also continuous [S, 2.21. The statement remains true if we just 
require X to be a k-space. This follows from Lemma 1.12 and the construction of 
a k-space given in [6]. 
1.17. Before closing this section we would like to raise a question about the 
topological structure of a LCA group G. Let G and H be LCA groups. By 
using [8, 2.21, the continuity of a function f : Gf --* H+ implies the continuity of 
f : G + H. This also follows from Lemma 1.12. The converse, in general, is not true. 
Consider for example the discrete groups Z and Q (the set of rational numbers). If 
f : 27 --f Q is a bijective function which takes odd numbers into [0, l] n Q and even 
numbers into Q \ [0, 11, trivially f is a homeomorphism between Z and Q but neither 
f:Z+-+Q+norf+:Q+ + Zi is continuous, as the reader can easily check. However 
it is unknown whether the spaces Z+ (= Z#) and Q$’ (= Q#) are homeomorphic: 
Question (van Douwen). Let G and H be abelian groups such that 1G I= (H / . Are 
the spaces G# and H # homeomorphic? 
Note that, if we consider the groups G and H to be discrete, then G and H are 
LCA groups and the statement /G/ = lH / 1s e q uivalent to the statement that the 
spaces G and Hare homeomorphic. We can extend the question above as follows: 
Question. Let G and H be LCA groups such that the spaces G and H are homeo- 
morphic. Are the spaces G+ and H+ homeomorphic? 
Note that if G+ and H+ are homeomorphic then the spaces G and Hare homeo- 
morphic, by [S, 2.21 or Lemma 1.12. 
1.18. The remarks and comments in 1.8 and 1 .ll, as well as the equality G = 
k,(G’) in Lemma 1.12 and the inclusion of (d) in Theorem 1.15 were kindly 
pointed out to the author by the referee. D. Dikranjan has pointed out that another 
proof of Theorem 1.2 is available in [5, 3.4.51. 
2. Connectedness 
2.1. Our interest here is to determine how conditions like connectedness or zero- 
dimensionality are preserved under passage between G and G’. If GE LCA and H 
is a locally compact subgroup of G then H is closed in G 19, 5.111. From this, it 
follows that His closed in G+ [19, 3.31 because H is the intersection of kernels of 
continuous characters [9, 24.121. Hence the groups G/H, G+/H and (G/H)’ are 
Tychonoff. 
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2.2. Lemma. Let G and H be LCA groups such that Hc G. Then id : G+/H+ 
(G/H)’ is a topological isomorphism. 
Proof. For continuity it is enough to show that every XE (G/H)^ is continuous 
as a function on G+/H. Fix x E (G/H)^ and let a>0 be given. Then N,(l) = 
{XE 1T : Ix- 1 j < E} is a basic neighborhood of 1 in U. If @ : G --f G/H and 4’ : G+ + 
G+/H denote the natural maps, then XO@J E G^, so it is continuous on G’. Hence 
@‘[(x o@)‘[N,(l)]] is open in G+/H. But @‘[(xo@)+[N,(l)]] =x’[N,(l)]. There- 
fore x is continuous on G’/H, as required. 
Now we prove that id : (G/H)+ + G’/H is continuous. Since id : G -+ G+ is con- 
tinuous, the same is true for id : G/H+ G+/H. Now apply Lemma 1.3. 0 
2.3. Theorem. If G is a LCA group which is zero-dimensional, then Gf is zero- 
dimensional. 
Proof. Let U~No+(lo), and choose W~No+(lo) such that W* c U. Plainly W is 
open in G. Choose a compact open subgroup Hc W [9, 7.71, and let @ : G + G/H 
denote the natural map. G/H is discrete, so by Lemma 2.2 the group G’/H= 
(G/H)# is zero-dimensional ([3, 2.21 or [20, 4.81). Now choose a closed and open 
neighborhood V of H in (G/H)* such that I/c @[WI. Then @‘[VI c U because 
W* c U, and @‘[VI is closed and open in G’. 0 
2.4. Theorem. Let G be a LCA group, C the component of 1, in G, and D the 
component of 1, in G’. Then C=D. 
Proof. Because e: G-t G+ is continuous, we have that C=e[C] c D. Now G/C is 
a LCA zero-dimensional group ([9, 7.31 and 122, 29.71). Hence G+/C=(G/C)+ is 
also zero-dimensional, by Lemma 2.2 and Theorem 2.3. But this implies that C= D 
because no subset of Gf containing C properly can be connected. 0 
2.5. Remark. The referee has contributed the following alternative proof of 
Theorem 2.4: 
(1) Let G be a LCA group. If G+ is connected, then G is also connected: Since 
G’ is connected, h[G] is connected for all h E (G+)*. By [l, p. 18(c)], h is surjective 
if h # 1. Since (G+)^ = G, [ 1, 8.21 implies that G is connected. (2) Clearly Cc D. D 
is a closed subgroup of G+, hence also of G. Thus D is a LCA subgroup of G. By 
[19, 3.41, D (as a subspace of G+) is the same as D’. Thus D+ is connected. Now 
(1) implies that D (as a subgroup of G) is connected too. So D c C. This completes 
the proof. 0 
2.6. Combining Theorems 2.3 and 2.4 we get the following: 
Corollary. Let G be a LCA group. 
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(a) G is connected if and only if G+ is connected. 
(b) G is zero-dimensional if and only if Gt is zero-dimensional. 0 
3. The Lindeliif property 
3.1. This section is devoted to a proof of the following: 
Theorem. Let G be a LCA group. Let F be a subset of G. F is Lindelof as a 
subspace of G if and only if F is Lindelof as a subspace of G’. 
Theorem 3.1 answers a question posed to the author in conversation by 
L.C. Robertson. 
3.2. We use the following remarkable result of van Douwen [20, 1.31. 
Theorem. Let G be a discrete abelian group of infinite cardinality. Let F be an in- 
finite subset of G. There exists D c F with ID 1 = IFI such that D is relatively discrete 
and C-embedded in G # . 0 
3.3. Lemma (Comfort). If E is an uncountable space with a dense, relatively 
discrete, C-embedded subset D such that 1 D 1 = 1 E 1, then E is not Lindelof. 
Proof. If E were Lindelof then it is realcompact [7, 8.21 and the fact that D is C- 
embedded in E implies that E = vD (the Hewitt-Nachbin realcompactification of D) 
[7, 8.7(11)]. Write D= Uccw, D, with each D,+0. Then vD= U5<w, vD, [7, 12G] 
and each of the sets vDy=(ClfiD DC) 17 vD is closed and open in uD [7, 8.7 and 
6.9(a) and (c)l. Clearly the open cover {uD< : <<q} does not have a countable 
subcover, so vD is not Lindelof. 0 
3.4. The ‘discrete’ version of Theorem 3.1 is the following: 
Lemma. If G is an abelian group and Fc G# is Lindelof then F is countable. 
Proof. Suppose that IFI >w. Using Theorem 3.2 there exists DC F such that 
IDI = IF), D is relatively discrete and C-embedded in G#. Let E = Cl, D. If F is a 
Lindeldf space then so is E, contradicting Lemma 3.3. 0 
3.5. The o-compact version of Theorem 3.1 is the following: 
Lemma. Let H be a LCA, o-compact group. Suppose that Fc_ HC is Lindelof. 
Then F c H is Lindelof. 
The Lindeltif property for topological groups 207 
Proof. Recall that if Kc H is compact in H or H+, then KC H and KC H+ are 
homeomorphic spaces. Suppose H = Un < w K, with each K, compact. Plainly 
F= u,<, (Ffl K,) and each FflK, is Lindelof as a subspace of H+. Because of 
the comment above, Ffl K,, is Lindelof as a subspace of H and therefore F, the 
countable union of Lindelof spaces, itself has to be Lindelof as a subspace of 
H. 0 
3.6. Proof of Theorem 3.1. (a) Obvious. 
(c) Use [9, 5.141 to find a LCA, a-compact closed and open subgroup H of G. 
Then G/H is discrete and (G/H)+ = (G/H)#. Using Lemma 3.4, F hits only count- 
ably many translates of H. If xHfI Ff0 for x E G, we have that xHfI F is Lindelof 
as a subspace of xH+. This is because H is closed in Gf and H+ and H-as a 
subspace of G’-are the same spaces [19, 3.3 and 3.41. By Lemma 3.5, xHnF is 
Lindelof as a subspace of xH, hence of G. Being the countable union of Lindelof 
spaces, F itself has to be Lindelof. 0 
3.7. Remarks (Comfort). (a) We know [19] that pseudocompact subspaces of LCA 
groups are homeomorphic to their +-image under the inclusion function. This is 
not longer true for Lindelof spaces. Consider F= R = G. Here we have the following 
strange phenomenon: If n<w, denote by [-n,n]’ the subspace [-n, n] of IR+ 
(which actually is just [-n, n]). Then id, : [-n, n] 4 [-n, n]+ is a homeomorphism. 
However, the limit function id : R + fR+ is not a homeomorphism. Hence, the 
union of a countable increasing sequence of homeomorphisms is not necessarily a 
homeomorphism. 
(b) There are LCA groups with Lindelof subspaces which are not o-compact. Let 
X be any Lindelof non a-compact space. (For example if D is an uncountable 
discrete space, fix a point x0 in D and if x,, E UC D, declare that U is open if 
ID\ U/ I o, for the other points in D keep their local bases unaltered. The space 
X obtained in this fashion is clearly Lindelof and not o-compact.) X is Tychonoff 
and normal. Embed X into TC*(X’ and let G = CITc*cx)(X). Then G is a compact 
abelian group and X is a Lindelof, non a-compact subspace of G. 
4. Boundedness on groups 
4.1. Definition (Tkachenko [18]). Let X be a space. If B c X we say that B is func- 
tionally bounded in X if every f E C(X) is bounded on B. 
4.2. This section is devoted to proving the following result: 
Theorem. Let G be a LCA group and B c G. Then: 
(a) B is functionally bounded in G if and only if B is functionally bounded in 
G+. 
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(b) If this occurs then B L G and B c Gf are homeomorphic and Cl, B = Cl,+ B. 
Furthermore, the latter space is compact. 
4.3. It is important to mention that van Douwen’s result Theorem 3.2 plays an im- 
portant role in the discrete version of Theorem 4.2. We will also use the following 
trivial fact: If X and Y are spaces, f : X + Y is a continuous function and B C_ X is 
functionally bounded in X then f[F] is functionally bounded in Y. 
4.4. The following is the discrete version of Theorem 4.2: 
Lemma. If G is a discrete abelian group then B L G is functionally bounded in G# 
if and only if iBl<w. 
Proof. If IBI _ =-co, Theorem 3.2 assures the existence of some D c B such that 
IDI = lB1, D relatively discrete and C-embedded in G*. This proves that if B is 
functionally bounded in G # it must be finite. The converse is obvious. Cl 
4.5. The following is the a-compact version of Theorem 4.2: 
Lemma. If G is a LCA, o-compact group and B L G, then B is functionally bounded 
in G if and only if B is functionally bounded in G+. 
Proof. (-) Trivial. 
(=) Suppose B is functionally bounded in G+. Plainly F= Clo+ B is functionally 
bounded in G+. Note that G+ is normal because G and thus G+ are a-compact. 
Therefore F is pseudocompact in G+. By [19, 4.11, F is compact in G and hence 
any f E C(G) is bounded on F, therefore on B. So B is functionally bounded in 
G. El 
4.6. Proof of Theorem 4.2. Let B be functionally bounded in Gf. Choose n < o 
and a LCA group G, with a compact open subgroup H such that G = R” x G2 [9, 
24.301. Let Gi = R”. If ni : Gf --t G,? (i= 1,2) are the projection maps, we have that 
n,[B] is bounded in GT. Because G, is a-compact, rcl [B] is functionally bounded 
in R” (Lemma 4.5). Hence CIRfl rrl [B] is compact. Let B, = z2[B]. By Lemma 4.4, 
B, hits only finitely many translates of the compact group H. Hence B, is func- 
tionally bounded in G, and Cl,, BI is compact. Hence B C_ CIRfi x1 [B] x Cloz nz[B], 
a compact subspace of G. Thus B is functionally bounded in G. 
We just saw that any functionally bounded subspace B of G+ has to be contained 
in a compact subspace K of G. K is compact in G’ with the same topology. There- 
fore Cl, B = Cl,+ B is compact and the last statement follows. 0 
4.7. By using [19] we get the following: 
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Corollary. If G is a LCA group and BL G, then the following statements are 
equivalent: 
(a) B is functionally bounded in G. 
(b) B is functionally bounded in G’. 
(c) Cl, B is pseudocompact. 
(d) Cl,+ B is pseudocompact. 
(e) Cl, B is compact. 
(f) Cl,+ B is compact. 
Further, when any one of the conditions holds the two spaces Cl, B, Cl,+ B are 
equal. 0 
4.8. Remark. We just saw that the map e: G + G+ keeps unaltered the topology 
on bounded subspaces (a class which contains compact subspaces and even all 
pseudocompact subspaces). This is not true for Lindelof subspaces. Also note that 
the space K constructed in [19, Section 21 is countable and discrete in both [R and 
R+ and is functionally bounded in neither. If G is discrete, Theorem 3.2 shows that 
each infinite subspace of G# always contains a discrete space of the same car- 
dinality which trivially is homeomorphic to its preimage under e. So we may ask if 
it is possible to achieve a characterization of those subspaces X of LCA groups such 
that X in G and X in G+ are homeomorphic. 
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